Introduction
This paper explores the physics of the recently installed Radiative Divertor Plasma divertor (RDP) in DIE-D through the use of UEDGE simulation with experimentally derived plasma parameters. The RDP is a nearly closed baffle and cryopumping system in the upper divertor of DIII-D. [l] One measure of the effectiveness of the RDP is the achievement of a detached plasma with a lower core density than in the open divertor (present in the lower divertor in DIII-D).
Plasma detachment, observed on all diverted tokamaks, is a change in the plasma state which results in a decrease in both the ion current and heat load on the divertor plate. These reductions together with the related drop in electron temperature are important for divertor design in high power devices such as ITER, in which detached operation is assumed [2] . Both UEDGE modeling and DIII-D experiments show a reduction of 25% to 50% in the core density necessary for plasma detachment in the RDP compared to the open divertor. * . \
UEDGE modeling of detachment window in deuterium for open and RDP divertors
The core density and SOL heating power operating range for detached plasmas in pure deuterium (no impurities) in the open, lower divertor of DIII-D was examined by Porter using UEDGE, a 2-d, hydogenic ion fluid code that includes inertial neutrals in the SOL and divertor region [3] . His technique was essentially the same as in this paper, which investigates the (nearly)
closed RDP. The geometry of the problem is fixed and constant anamolous perpendicular transport coefficients are assumed. The simulations began with a best fit to experimental data from a specific discharge, and then the inputs were varied to obtain agreement with upstream density and temperature measurements, and also the divertor heat loads. The final phase of detached operation is reached when the ionization front on the outside lies just below the X-point. In this state the electron temperature is between 1 and 2 eV everywhere below the X-point and therefore neutrals, which arise from recycling at the divertor, can penetrate to the closed flux surfaces. Further reduction of the heating power leads to the core MARFE state, in which the ionization front moves above the X-point, both inside and outside. A localized high density, low temperature region forms on the closed flux surfaces just above the Xpoint on the inside. This region has sufficiently high density to radiate large amounts of power, even in the pure deuterium plasmas we have modeled.
Each of these plasma states is also seen experimentally. One always sees detached plasmas first on the inside, in fact it is rather difficult to avoid detachment there. The outer leg is usually detached by enhancing radiative losses with the injection of either deuterium or other gas puffing, or from sputtered carbon. Outer detachment is also seen in low power Ohmic operation. Finally, when too much gas has been injected, the core MARFE is accompanied be reduced core confinement and occasionally disruption. The similarity between these observed plasma states and those seen in the UEDGE simulation lends credence to the SOL physics models. _-* 3. UEDGE modeling of the detachment window in the RDP divertor with impurities Our UEDGE calculations explored the effect of the intrinsic carbon impurity, introduced by sputtering from the walls of DIII-D, on the RDP detachment window, assuming a fixed sputtering coefficient on all surfaces in the device. We assumed the private flux and outer walls are a source of carbon via chemical sputtering in which a low energy deuterium neutral or ion is chemically absorbed on the surface and then emerges as a volatile hydrocarbon. This molecule is subsequently dissociated in the plasma, thus introducing carbon. The same process exists in the divertor region which is, however subject to intense deuterium ion flux near the strike points.
Although bombardment with ions from an attached plasma can reach several hundred eVs, leading to higher carbon yields, the carbon sputtering for these processes is a currently an active research field. Therefore a sputtering coefficient of Y=O.O05 was chosen to agree with upstream plasma values of DIII-D experiments. . \ \ To explore the RDP detachment boundaries with impurities we scanned the core power from 5 MW to 10 MW for a fixed value of core density, namely 3.0~10'~ me3. The results are . shown in Fig. 2 , which presents a comparison to a RDP scan in pure deuterium. It can be seen that the intrinsic carbon impurities expand the region for a fully detached plasma and further reduce the core density necessary for detachment at a fixed power. In addition, with impurities, the RDP can reach a state of fully attached plasmas within the power range of DIII-D, which was not achieved with pure deuterium.
Effect of RDP on Core Impurity Concentration
Emplying the UEDGE code to determine the impurity transport, we started with carbon sputtered off the divertor plates, the private flux wall, and the outer wall. Two operating regimes were considered for detached inner and outer divertors; higher density operation with the lower divertor (discussed by Lasnier, at this Meeting) and lower density operation in the upper, RDP divertor. From the results of the density and power scan, we showed that it was possible to achieve detachment at half the density for a given power in the RDP as opposed to the lower divertor, therefore we examine core impurities in an upstream density of 3.0x 10" rns3 in the RDP 
